Galectins are a family of beta-galactoside binding molecules involved in cell±extracellular matrix adhesion processes. Specifically, Galectin-3 (Gal-3), one of the members of this family of molecules plays a role in cell adhesion processes as well as in cell survival or apoptosis. Gal-3 was also hypothesized to represent a useful tool in tumor characterization, for example, in thyroid tumors. We report herein the results obtained by evaluating Gal-3 expression of colon cells from human adenomas and adenocarcinomas with two different methodologies: immunohistochemistry and flow cytometry of living dispersed cells. We found that (1) the expression of Gal-3 was significantly increased on the surface of cells from adenomas with respect to normal mucosa from the same patient; (2) Gal-3 ligand, 90k molecule, was increased in the blood plasma from patients with both adenomatous and adenocarcinomatous lesions; and (3) Gal-3 overexpression was not related with the presence of K-ras mutation. Altogether these results clearly indicate that the evaluation of Gal-3 expression (and of its ligand, 90k) can be of interest in the characterization of nonmalignant and malignant colon cancers.
Introduction
Several lines of evidence indicate that different cell adhesion molecules (CAMs) can play a role in cancer progression (Gorelik et al., 2001; Ohene-Abuakwa and Pignatelli, 2000) . Galectin-3 (Gal-3) is a member of the family of beta-galactoside binding molecules called galectins Matarrese et al., 2000; Nakamura et al., 1999) . A considerable number of human tumors have been investigated so far to identify specific adhesion molecules relevant as diagnostic and prognostic factors as well as progression markers Chritofori, 2003; Danguy et al., 2002; Okamoto et al., 2002) . In this context, colorectal cancer, one of the most characterized tumors in terms of dysplastic to malignant progression, has been heavily investigated (Abbasi et al., 1993; Herrlich et al., 1995; Nagy et al., 2003; Sanjuan et al., 1997; Schoppner et al., 1995) . Parallel studies have also focused on the key role played by apoptosis in tumor growth. In fact, an impairment of apoptotic cell death program can provide a further impulse for the growth of both a neoplastic mass and its malignant and metastatic potential (Reed, 1999) . It has been suggested that the loss of homotypic (cell±cell) as well as heterotypic (cell±extracellular matrix) interactions could lead per se to apoptotic cell death (Frisch and Screaton, 2001; Grossmann, 2002) . This kind of apoptosis is called anoikis because of the homeless condition that may give rise to the process. Hence, CAM expression changes can be a relevant factor in determining the fate of a cell. Among different CAMs, Gal-3 has been associated, in in vitro systems, with apoptotic proneness and anoikis resistance (Kim et al., 1999; Matarrese et al., 2000) . Importantly, recent evidence has also implicated galectins and their ligands as master regulators of immune cell homeostasis, including the inflammatory cascade (Rabinovich et al., 2002; Rubistein et al., 2004) .
Interestingly, transformation of intestinal epithelial cells by the K-ras oncogene family is required for the full manifestation of the malignant phenotype and also leads to the so-called anoikis resistance (Pajkos et al., 2000; Rosen et al., 2000; Zauber et al., 2001) . Moreover, human colorectal tumors bearing a codon 12 mutation (K12) are aggressive, invasive, and highly metastatic (Guerrero et al., 2000) . This mutation may increase aggressiveness by the differential regulation of K-ras downstream pathways that lead to inhibition of apoptosis, enhanced loss of contact inhibition, and increased predisposition to anchorage-independent growth, that is, anoikis resistance (Guerrero et al., 2000) . Accordingly, K-ras codon 12 mutations are much more frequent in carcinomas than in adenomas (ADs; Capella et al., 1991) and in metastatic than in nonmetastatic lesions (Finkelstein et al., 1993) . Altogether these findings suggest a relationship between K12 ras codon mutation with both adhesion processes of colorectal epithelial cells and cancer progression.
The aim of the present study was to investigate whether the surface expression of the galectin-related molecules Gal-3 and CD44 v6, whose expression was found altered during deregulated cell growth and malignant transformation, could be a reliable immunocytochemical markers for improving the diagnostic accuracy of conventional histology in both colon AD and adenocarcinoma (ADK). There is not enough knowledge about the function of CD44 molecules, but the expression of CD44 v6 variant was found to be necessary and sufficient factor to confer metastatic potential to some carcinoma cell lines (Gunthert et al., 1991; Jothy, 2003) . In the present article, the evaluation of the expression of both adhesion molecules was conducted in ex vivo samples from AD and ADK in comparison with healthy mucosal samples from the same patients. More important, together with the``conventional'' immune-histological approach, our analyses were carried out by using for the first time in this kind of studies tumor``cellularization'' methodology (Cerra et al., 1990) and subsequent flow cytometry (FC) evaluations of dispersed cells. In fact, in consideration of the importance of cell surface expression of CAMs in cell fate, the FC technique seems to represent the most suitable approach. The results obtained clearly indicated that Gal-3 overexpression on the surface of nonmalignant colon cancer cells, with respect to cells from normal mucosa, was paralleled by an increase of its ligand (90k) in blood plasma of the patients.
Results
Gal-3 and CD44 v6 expression evaluated by immunohistochemical analysis and FC A qualitative and semiquantitative analysis of AD and ADK samples was first conducted by means of immunohistochemical (IH) methodology. In particular, 42 out of 46 AD samples and 55 out of 58 ADK samples were analyzed for Gal-3 expression. As positive control, the expression of the immunoglobulin-like CAM CD44 v6 was also evaluated in 33 AD and 47 ADK. Evaluation of the expression levels of these two CAMs was carried out by an arbitrary semiquantitative analysis of paraffin-embedded tissues as previously described (Riss et al., 2003) . Representative results are reported in Figure 1 Importantly, we found an easily detectable expression of both the antigens on the surface of cells obtained from frozen tissues (both normal and pathological). We took as expression level index of these molecules the median value of fluorescence intensity histogram of a population of at least 20,000 cells (Matarrese et al., 2000) . A specific evaluation of concordance of the results obtained with these two different methodological approaches was then carried out. Interestingly, these analyses confirmed that in the great majority of tissue samples analyzed, a high expression of the antigen revealed by FC analyses clearly corresponded to a high positivity as observed by IH. For instance, concordance ranged from 62% for Gal-3 expression up to 85% for CD44 v6 expression in AD samples, and it was of 79% for Gal-3 and 82% for CD44v6 in ADK samples.
Quantitative evaluation of Gal-3 and CD44 v6 surface expression in AD and ADK FC studies allowed us to quantify the surface expression of molecules on isolated living cells from 46 AD and 58 ADK together with their normal counterparts, that is, the normal mucosa (NM) obtained as specified in Materials and methods section. Results obtained are summarized in Figure 3A and 3B, where the distribution of Gal-3 and CD44 v6 expression levels in NM, AD, and ADK are shown. These distributions were statistically analyzed by Wilcoxon tests as reported in Figure 3C (Gal-3) and 3D (CD44 v6), where median values of these distributions are reported. The analysis revealed (1) for AD: A significant increase with respect to NM for Gal-3 surface antigenic expression (z 2.61, p 0.009, Fig. 3C ), but no significant difference was detected for CD44 v6, Fig. 3D ). (2) Conversely for ADK: A significant increase of CD44 v6 surface expression in ADK with respect to NM (z 2.47, p 0.001, Fig. 3D ), but no significant difference was detected for Gal-3 (Fig. 3C) . Finally, regarding Gal-3 expression, Mann-Whitney tests failed to reveal any significant difference between AD and ADK samples. By contrast, regarding CD44 v6, a significant difference ( p 5 0.01) was detected between the same samples. Hence Gal-3 seems to represent an earlier cell surface marker with respect to CD44 v6 in colon cancer cells, that is, Gal-3 was overexpressed in cells from AD, whereas CD44 v6 was overexpressed on the surface of malignant adenocarcinomatous lesions in comparison with the NM of the same patient.
Gal-3 ligand
On the basis of the studies describing the clinical importance of a specific ligand of Gal-3 (i.e., 90k) in human pathology (Marchetti et al., 2002; Ozaki et al., 2002) , we quantified circulating 90k/Mac-2 ligand (by enzyme-linked immunosorbent assay) on blood samples obtained from AD (n 20) and ADK (n 20) patients, as well as from healthy donors (n 15). The average plasma concentrations of the ligand in the three groups were the following: 10.7 AE 4.1 ng/ml (healthy donors), 18.8 AE 10.6 ng/ml (AD), and 19.5 AE 8.7 ng/ml (ADK). No significant difference was detected between AD and ADK patients regarding 90k plasma levels. On the contrary, samples obtained from both AD and ADK patients showed significantly higher levels of 90k protein with respect to healthy donors (AD: p 0.009; ADK: p 0.0001). Interestingly, specific statistical analyses revealed a positive correlation between plasmatic values of 90k molecule with respect to Gal-3 expression on the cell surface either in AD (r 0.73, p 0.027) or in ADK (r 0.89, p 0.005), that is, this positive correlation was independent from the type of neoplastic lesion considered (AD or ADK).
Gal-3 and CD44 v6 protein expression in relation to clinicopathological features The variation of Gal-3 or CD44 v6 expression in neoplastic lesions (both AD and ADK) versus NM was analyzed. Results obtained from 46 AD and 58 ADK (Tables I and II , respectively) indicated a positive trend between the protein expression and some of the variables known to be linked to a risk of transformation in AD patients. In particular (Table I) , an increase of Gal-3 expression was found in a high percentage of pathological lesions obtained from severely dysplastic tissue (67.0%) in left colon (82.7%), but it was also largely detected in cells from moderately dysplastic lesions (55.5%). Furthermore, increased expression of Gal-3 was preferentially associated with tubulo-villous/villous lesions (61.3%) features. However, statistical analyses failed to reveal any significant difference between right colon and left colon as well as between mild±moderate lesions and severe dysplastic lesions (Table I) . By contrast, regarding CD44 v6, a significant difference ( p 5 0.01) was detected. Interestingly, regarding ADK, an increased expression of Gal-3 in a high percentage (54.5%) of smaller size tumors (T1±T2) was found (Table II) . GalectinE3 overexpression in colon adenoma cells K-ras gene status and Gal-3 expression As a general rule, several data hypothesizing a key role for K-ras mutation in colon cancer progression were already available in literature (Zhu et al., 1997) . Furthermore, it has been shown that cell adhesion ability can be regulated by this gene (Guerrero et al., 2000) . In the same vein, Gal-3 was generally recognized to be involved in cell adhesion properties (Matarrese et al., 2000) ; in the present work we essentially measured cell surface expression of this antigen. On this basis, DNA from 39 ADs, 55 ADKs, and corresponding NM was analyzed to evaluate the status of K-ras gene by mean of a highly sensitive restriction fragment length polymorphism±polymerase chain reaction (RFLP-PCR) assay (a representative example is shown in Figure 4A ). The results obtained clearly indicated that wild type K-ras was detectable in all samples of NM, whereas the mutated gene was found in a significant percentage of both AD (28.2 %) and ADK (25.4%). Notably, both in AD and ADK pathological lesions a prevalence of heterozygous mutations was found (data not shown).
We then analyzed the relationships between Gal-3 or CD44 v6 expression level and K-ras status either in AD or Figure 4B and 4C, can be summarized as follows: (1) no significant variation was found in mutated K-ras cell samples with respect to wildtype counterpart regarding the expression of both Gal-3 and CD44 v6 ( Figure 4B and 4C, respectively); and (2) CD44 v6 was significantly down-regulated in K-rasmutated AD samples with respect to wild-type counterpart (u 46, z 2.6, p 5 0.01, Fig. 4C ).
ADK. Results obtained, shown in

Discussion
Gal-3 was described as a versatile multifunctional protein involved in multiple biological processes, including cell growth, cell cycle progression, cell migration, or negative regulation of apoptotic mechanisms (Hittelet et al., 2003; Liu et al., 2002) . Several studies also pointed out the possibility that Gal-3 expression could represent a useful marker of tumor progression (Sanjuan et al., 1997; Schoppner et al., 1995) . In particular, by means of IH or fingerprinting studies, some authors hypothesized the prognostic value of Gal-3 intracellular presence in colon cancer in terms of progression marker or metastatic potential (Bresalier et al., 1998; Nagy et al., 2003; Nakamura et al., 1999; Nangia-Makker et al., 2002 Mean increase is in % versus normal mucosa.
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were reported in the literature, and several concerns regarding the prognostic value of Gal-3 are still a matter of debate (Lahm et al., 2001; Nagy et al., 2003; Sanjuan et al., 1997) . By contrast, CD44 v6 was generally accepted as a CAM of great importance in tumor growth features in cancers of different histotype, including colorectal cancers (Yamane et al., 1999) . Accordingly, significant differences between NM and ADK samples (but not between NM and AD samples) were found regarding CD44 v6 surface expression. Interestingly, Gasbarri and co-workers (1999) have provided evidence that coexpression of CD44 v6 and Gal-3 can help distinguish between benign and malignant thyroid lesions, especially between well-differentiated follicular carcinomas versus benign follicular proliferation of the thyroid gland. Our results on this matter seem to depict a different scenario as far as colon cancers are concerned. In fact, Gal-3 expression was found significantly higher on the surface of cells from AD samples with respect to the corresponding healthy mucosal cells. Thus on the basis of FC quantitative results, we propose to ascribe to Gal-3 overexpression an important role in the first steps of colon cell transformation. These results were paralleled by the increase of the Gal-3 ligand 90k in the plasma of those patients with an increased Gal-3 cell surface expression. This is in accordance with the fact that circulating 90k has been reported to up-regulate the expression of CAMs in tumor cells. It was also found at high levels in plasma of patients with various types of cancers, such as breast, colon, stomac, ovary, and lung (Natoli et al., 1996) . This increase strongly suggested a role for 90k as a possible progression marker in neoplastic disorders (Nakamura et al., 1999; Scambia et al., 1988) .
FC analyses seem to provide an intriguing approach in terms of valuable quantitative analysis of cell surface antigenic expression. In fact, although the bulk of studies reported in the literature are generally carried out by using qualitative analyses, such as IH, our studies, carried out on isolated cells from bioptic samples, were instead a valuable quantification thanks to a procedure preserving the bioavailability of molecule antigenic expression. The results obtained by analytical cytology appear, however, to be strongly correlated to those detected by conventional histopathology analysis. Importantly, this correlation was even more evident for CD44 v6 (82%) than for Gal-3 (60%) expression. This could be due to the fact that Gal-3 is present both into the cell cytoplasm and on the cell surface, whereas CD44 v6 is solely expressed on the cell surface, where it plays its function. In fact, IH analysis revealed both intracytoplasmic as well as cell surface molecules, whereas FC, performed in living (propidium iodide±nega-tive), nonpermeabilized cells, was able to identify cell surface molecules only. Data reported in the literature suggested that such a biological effect of Gal-3 was mainly related with its surface expression rather than to its intracellular presence. In addition, apoptotic proneness and anoikis resistance associated to the surface expression of certain CAMs, including Gal-3, have also been evidenced (Kim et al., 1999; Matarrese et al., 2000) . Hence, our results are consistent with the key role played by Gal-3 surface expression as cell growth regulatory molecule (Danguy et al., 2002; Matarrese et al., 2000) . Another clue suggesting a role for Gal-3 in suppressing apoptosis has been provided by studies performed in nonadhering cells (i.e., Jurkat cells), where, thanks to a sequence similarity between Gal-3 and Bcl-2, the intracytoplasmic Gal-3 could directly interact with Bcl-2 by a NWGR motif to form heterodimers, thus interfering with apoptotic pathway (Yang et al., 1996) .
Recent lines of evidence have also implicated Gal-3 as a regulator of immune cell homeostasis (Fukumori et al., 2003; Rabinovich et al., 2002) . In fact, soluble Gal-3 (e.g., secreted by tumor cells) was found to represent a powerful apoptotic inducer in human T cells. Thus Gal-3 might also contribute to the immune escape strategy exerted by cancer cells (Fukumori et al., 2003) .
Finally, K12 ras gene mutation in colorectal cancer has been hypothesized to represent a risk factor per se in colon cancer progression (Guerrero et al., 2000; Zhu et al., 1997) . Accordingly, our results seem to indicate that changes in CD44 v6 molecule expression were associated with K12 gene mutation, whereas Gal-3 molecule overexpression was not. These results differ from those recently reported on thyroid tumors where follicular carcinoma with K-ras mutations very often dispalyed a Gal-3-negative phenotype and were either minimally or Mean increase is in % versus normal mucosa.
C. Greco et al. overtly invasive (Nikiforova et al., 2003) . However, on the basis of the results obtained, the possibility that Gal-3 overexpression could represent an early event preceding K-ras gene mutation in adenomatous nonmalignant lesions cannot be ruled out. In fact, a higher expression of Gal-3 was found in AD from wild-type K-ras patients with respect to patients with mutated K-ras. In same vein, according to literature data (Kim et al., 1994) , the expression of CD44 v6 molecule was significantly higher ( p 5 0.01) in wild-type K-ras samples.
Altogether these results indicate that Gal-3 overexpression might represent per se a useful marker of colon adenoma and, together with the evaluation of its ligand in the blood plasma (90k molecule), it could contribute to the characterization of both malignant and nonmalignant colon cancers.
Materials and methods
Patients and tissue samples AD and ADK samples were removed together with adjacent mucosa from 104 patients consecutively admitted to the Endoscopy Digestive Service (46 ADs) or to the 2nd Surgical Division (58 ADKs) of the Regina Elena Cancer Institute (Rome) after giving written informed consent. None of the tumor-bearing patients had undergone chemotherapy prior to surgical resection of the malignant CAMs AE semi-interquartile as detected in wild-type (empty columns) or K-ras-mutated (filled columns) cell samples. Note that (1) no significant difference was detected in Gal-3 surface expression in different samples; (2) by contrast, in AD patients, a significantly higher expression of CD44 v6 was detected in K-ras mutated cells from AD patients with respect to the corresponding wild-type counterpart (u 46, z 2.6, p 5 0.01).
GalectinE3 overexpression in colon adenoma cells lesion. AD patients (28 males [60.8%] and 18 females [39.1%]) ranged in age from 33 to 79 years with a median age of 63 years at the time of lesion removal. Tissue samples were removed from ADs and ADKs together with adjacent NM (more than 10 cm away from the tumor lesions) and fixed by formalin (for histological analyses) or immediately frozen in liquid nitrogen and maintained at À80 C until processing (for FC and genetic analyses, see later description). Different specimens of the same sample were assigned randomly to genetic and FC analyses. IH analysis of Gal-3 (clone 9C4, Novocastra Lab, U.K., dilution 1:100) and CD44 v6 (clone VFF7, UCS Diagnostics, Rome, dilution 1:50) was carried out on formalin-fixed, paraffin-embedded tissues as previously described (Mottolese et al., 2000) . The staining assessment of the two proteins was performed using a semiquantitative method as stated elsewhere (Riss et al., 2003) . Cell nuclei counterstaining with Mayer hematoxylin (Sigma, St. Louis, MO) was also performed. Histological analyses indicated that the percentage of tubular and tubulo-villous/villous AD were 26.1 and 73.9, respectively; dysplasia was mild/moderate in the majority of histologic samples (65.2%); and the side of neoplastic lesions was mainly in the left colon (93.5%). Collected AD samples were from lesions below 10 mm in size in 43.5% of cases, whereas 55.5% of collected samples came from AD larger than 10 mm. ADK patients) 33 males [56.9%] and 25 females [43.1%]) ranged in age from 29 to 88 years with a median age of 67 years at the time of ADK removal. Histological TNM (an acronym referred to tumor dimension [T] , presence/absence of metastases in regional lymph nodes [N] , and presence/absence of metastases in lymph nodes far from the primary tumor [M]) analyses of ADK indicated that the percentage of T3 samples was higher (63.8%) with respect to T1±T2 (15.5%) and T4 (20.7%); the majority of samples was N0 (56.9%), and 43.1% were N1±N2; and the great majority was M0 (79.3%). Grading was mainly G2 (65.5%) and, importantly, Duke's values were found balanced between A±B (51.8%) and C±D (48.2%). Notably, 87.9% of ADK were obtained from left colon (87.9%). All these features are reported in Table III .
Cell isolation and FC
Biopsies from normal and pathological mucosa were washed twice with phosphate buffered saline (PBS, pH7.4) containing 3.8% (w/v) D-glucose and cut on a watch glass using a sterile scalpel. Isolated cells were harvested and washed with cold PBS and then stained with specific antibodies. For Gal-3 and CD44 v6 detection, cells were incubated with fluorescein isothiocyanate±conjugated mouse monoclonal antibodies to Gal-3 (Chemicon, Temecula, CA) or to CD44 v6 (NovoCastra, Newcastle, U.K.) on ice for 30 min. Appropriate fluorescein isothiocyanate± conjugated immunoglobulins were used as negative controls. After two washings in PBS, all the samples were incubated for 5 min with propidium iodide (40 mg/ml, Molecular Probes, Eugene, OR) to spot dead cells and then they were analyzed with a FACScan cytometer (Becton Dickinson, San Jose, CA) equipped with a 488 argon laser. For quantitative evaluation of these surface molecules, only electronically gated living cells (propidium iodide±negative) were considered. The amount of Gal-3 and CD44 v6 on the cell surface was expressed as median value of the fluorescence intensity histogram. For each patient considered, the median values of fluorescence emission curve of the NM was set to 100% (either for Gal-3 or CD44 v6), and the expression levels in AD or ADK was reported as relative to this.
Assay for Gal-3 ligand
The 90k molecule is a secreted glycoprotein that binds galectins, in particular Gal-3 (Inohara et al., 1996) . The concentration of 90k molecule in the plasma of the patients considered herein was evaluated using a commercial enzymelinked immunosorbent assay kit (R&D Systems, Minneapolis, MN). Plasma aliquots were assayed for 90k content according to the manufacturer's instructions. The light emission can be quantified using a microtiter plate reader at 405 nm, and 90k concentration was expressed as ng/ml.
DNA isolation
DNA isolation was performed using the MICRO-GENO DNA kit according to the manufacturer's recommendations (AB Analytica, Padoa, Italy). Tissue samples weighing 5100 mg were cut using a sterile scalpel and transferred to a 2-ml Eppendorf tube containing 200 ml lysis buffer. Twenty microliters of proteinase K (20 mg/ml) were then added and the suspension left to incubate at 45 C overnight. The quantity of isolated DNA was measured spectrophotometrically and the quality analyzed through a 1% agarose gel electrophoresis. Due to the presence of low-molecularweight fragments of isolated DNA, 42 out of a total of 
